The present study deals with lithostratigraphy, biostratigraphy and paleoecology of paleocene -Early Eocene benthonic foraminifera northeast Sinai, Egypt; G. El Falig, G. El Qusaima, G. Holet Abu Senna and G. Um Thamalla have been collected, sampled and studied based on benthonic foraminifera. The measured sections comprises; Esna Formation and Thebes Formation. The exposed rock units contain rich and high diverse assemblage of benthonic foraminifera that are discussed. They yield 109 foraminiferal benthonic species belonging to 48 genera, 24 subfamilies, 25 families, 18 super families, 3 suborder and one order. The investigation of the foraminiferal content led to the identification of two assemblage zones; the Early -Late Paleocene Neoflabellina -SpiroplectamminaGavelinella Assemblage Zone and Late Paleocene -Early Eocene Loxostomoides -Cibicidoides -Bulimina Assemblage Zone. During the investigated interval three biofacies with three faunal turnover events have been identified in the studied area reflecting a major sea level change. These turnovers are characterized by discontinuous distribution of species, changes of the relative abundance of species and diversification. The Esna Shale was deposited in middle neritic to upper bathyal environment and Thebes Formation was also deposited in progressively shallowing middle neritic environment.
INTRODUCTION
For the benthonic foraminifera; the P/E boundary event has been regarded as the largest turnover in the deep-sea benthic foraminifera during the last million years (Tjalsma & Lohmann, 1983; Shahin, 2001 ). The event is marked by extinction of many intermediateand deep-water species more than one third of the taxa: 33-50% per site, as well as some shallow dwelling (50-to 150-m water depths) benthic foraminifera (22%; Kaiho, 1994b) . Although changes in deep-sea benthic foraminifera test size and an oxygen index have been established at low resolution for the past 120 m.y. (Kaiho, 1994b (Kaiho, , 1999a , these indices have yet to be applied at high resolution to the P/E boundary. The parameters control the composition and size range of shallow-water benthic foraminiferal assemblages was the food resources and algal symbiosis (Hallock, 1985) . The deep-sea benthonic foraminifera affected by factors such as dissolved oxygen levels and food supply (Phleger & Soutar, 1973; Machain 1984; Kaiho, 1994a Kaiho, , 1998 Kaiho, , 1999a .
Sinai Peninsula is an important part of the southern Tethys and coincides with a belt of wind-induced upwelling (Parrish & Curtls, 1982) . Several authors in Sinai have intensively worked out the P/E boundary. Among the recent studies, there are, (Marzouk & Luning, 1998; Luning et al. 1998; Obaidalla, 1999; Shahin, 1998 Out of 381 samples were collected from the studied area representing the four sections subdivision as follow, (85) samples from G.El-Falig section, (104) samples from G.Um Thamalla section, (111) samples from G.Holet Abu Sena section and (81) samples from G.El Qusaimaa section prepared for the foraminiferal .
Nearly about 110-120 gram of dried rock was impregnated with a soda solution and washed after several days and washed over a 0.063 µm sieve. This process was repeated until the residues were clean.
The samples picked up by special brush and examined using light binocular microscope. Photographs of the identified species are obtained using Scanning Electron Microscope (SEM).
LITHOSTRATIGRAPHY
The Paleocene -Lower Eocene sequences in G. ElFalig, G. Um-Thamalla, G.El Qusima, and G. Holet Abu -Senna (2), northeastern Sinai were studied in the present work. These successions classified from older to younger into Esna and Thebes formations. The Esna Formation: in all the studied sections, can be subdivided into three main parts as follow:
The Lower part (a); the base of this part is unexposed in the studied area, it is consists of hard to moderately hard, yellowish to dark grey Shale, marl , grey marl , gypsum vienlets and calcareous clay ranging in age from the Early to Late Paleocene. This part attains a thickness of about 43m in G. Holet Abu Senna, 37m at G.Um Thamalla , 30m in G. El Qusaima and about 31m at G. El Falig . It belong to the Early Eocene age and conformably overlies the Esna formation.
BIOSTRATIGRAPHY Benthonic Foraminiferal Zonation:
In the present study, the stratigraphic distribution of the identified benthonic foraminiferal species and varities from the Paleocene -Early Eocene of the measured successions allowed to subdividing this interval into tow assemblage benthonic foraminiferal zones. Their age was determined by the equivalent planktonic foraminiferal zones. Their evolution and stratigraphic distribution were recorded from different regions in and outside Egypt by several authors ilustrated in Table ( 
PALEOECOLOGY AND PALEOBATHYMETRY ACROSS THE P/E BOUNDARY WITH SEA-LEVEL CHANGES
The reconstruction of the water depth is an important factor to elucidate the paleoecology and the paleoproductivity across the Paleocene-Eocene (P/E) boundary. For this purpose, about 0.5 gm of the residue of each sample has been used for quantitative foraminiferal parameters at the study section (Table 1) . These parameters include the P/B ratio, the Aggl. /Calc. ratio, the total foraminiferal abundance and their diversification (Fig.7) . During the normal condition, the percentage of planktonic foraminifera (P/B ratio) increases with water depth and depends mainly on the relative difference of paleoproductivity of foraminiferal assemblages (Murray, 1976 , Shahin, 2001 El-Nady, 2005 . The changes in the relative abundance of these assemblages are used to interpret the rate and nature of the foraminiferal evolution and diversification across P/E boundary. The productivity of benthic foraminiferal is higher in the shallow neritic environmental condition (Morkhoven et (Murray, 1976) . However, the global cooling episode of the early Paleocene was followed a rapid warming episode during the P/E boundary (Shackleton & Hall, 1985 , 1991) .
Highlights several events and striking changes in abundance and composition within the assemblages that represent paleoenvironmental events performed before/after and through (PETM). These changes clearly outline a complex ecological evolution across the (PETM). Which possible confined in three biofacies as follow;
Biofacies 1( Pre-PETM):
In the studied area, the benthic foraminiferal analysis seems that during that time span (before the boundary) appearance and disappearance of the species have been affected selectively in the habitants of the open marine realm. Upward to the Late Plaeocene to the Morozovella velascoensis Zone, the Middle neritic environment prevailing over bathyal environment, and some species as, Gavelinella beccariiformis , Pullenia coryelli , disappear as indication for Middle neritic environment.
Biofacies 2 (during -PETM):
Coincident with PETM interval, benthonic foraminifera are on the contrary from planktonic foraminifera, where species richness reduce by approximately (30-35%) ( Moreover, food supply, oxygen conditions or dissolution seem not to be the cause of the extinctions, warming is likely to have been the only global feature of the PETM for which there was no refugia, triggering paleoecological and paleoenvironmental instability, and eventually leading to the gradual but rapid benthic extinction event (BEE) (Monechi et al., 2000 a,b) . According to Berggren and Aubert (1975) , representatives of the bathyal and abyssal Velasco-type fauna such as Cibicidoides velascoensis, Guadryina pyramidata, Dorothia bulletta, Anomalinoides rubiginosus and Coryphostoma midwayensis, are common at the studied area. In additioin, the prsence of Quadrimorphina sp., which are most common at abyssal depths (Tjalsma & Lohmann, 1983) , have been recorded. These data indicate outer neritic to Lower bathyal depth of deposition during the Late PaleoceneEarly Eocene PETM in the study sections.
Biofacies 3 ( after -PETM):
During the Late Paleocene interval, an important benthonic foraminifera (e.g. Tritaxia midwayensis, Entosolenia crebera, Coryphostoma midwayensis and Neoflabellina jarvisi) are completely disapeared. On the other hand, a new benthic species as (e.g. Cibicidoides libycus, C. simplex, Anomlinoides welleir and Bulinina midwayensis) has appeared. The presence of this midway-fauna type reflect open marine with Middle to outer neritic environment, upward to Morozovella aragonensis and Acarinina pentacamerata zones, covert to inner neritic environment at the end of Thebes Formation in the studied area (Fig.7) . 
